IMPORTANCE Identification of risk factors for adverse obstetrical outcomes after appendectomy and cholecystectomy during pregnancy is necessary for evidence-based risk reduction and adequate patient counseling.
cedures performed being appendectomy (0.7 per 1000 pregnancies) 2 and cholecystectomy (0.5 per 1000 pregnancies). 3 With approximately 4 million births per year in the United States, an estimated 2800 appendectomies and 2000 cholecystectomies are performed annually on pregnant women nationwide. 4 Nonobstetric surgery during pregnancy is associated with risk to the fetus, including loss of pregnancy before viability, preterm labor, preterm delivery, and fetal death. 5, 6 Despite these concerns, studies on nonobstetric surgery during pregnancy focus largely on diagnosis and surgical management of appendicitis and cholecystitis rather than fetal or obstetrical outcomes. 5 Previous research regarding obstetrical outcomes following nonobstetrical surgical procedures largely involve pregnancies from the 1970s, and these results may not be generalizable considering current obstetric and anesthesia practice. [7] [8] [9] Owing to a lack of robust and recent data, risk stratification, preventative measure implementation, and accurate maternal counseling regarding anticipated outcomes following nonobstetric surgery during pregnancy remain challenging in clinical practice.
The objectives of this cohort study were to identify maternal risk factors including pregnancy-, surgery-, and disease-associated risk factors, for adverse obstetrical outcomes after appendectomy and cholecystectomy during pregnancy, and to stratify the risk of these adverse outcomes based on individual risk factors.
Methods
The study protocol was reviewed by the Columbia University Medical Center Institutional Review Board. It was granted exemption under title 45 Code of Federal Regulation part 46. No informed patient consent was obtained because the administrative data were deidentified.
Deidentified data were obtained from the Nationwide Inpatient Sample (NIS), which is part of the Healthcare Cost and Utilization Project sponsored by the Agency for Healthcare Research and Quality. The NIS is a stratified sample of 20% of all annual US community hospital discharge records. To create a representative national sample, hospitals are selected for inclusion in the NIS based on the following 5 characteristics: number of beds, teaching status, location (urban or rural), region, and ownership. For each discharge, the NIS includes patients' characteristics and up to 15 procedural codes and up to 25 diagnostic codes defined in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Detailed information on NIS data, methods, and variables is publicly available (http://www.hcup-us .ahrq.gov/nisoverview.jsp).
The study sample consisted of all women who underwent appendectomy, cholecystectomy, or combined procedures during pregnancy between January 1, 2003, and December 31, 2012. Discharges with neonatal and/or maternal diagnoses and procedures identified with a NEOMAT (neonatal and/or maternal) code of 1, 2, or 3 and female sex were first selected. The NEOMAT variable is provided by the NIS and is reported as a categorical variable as follows: 0 indicates no neonatal or maternal diagnosis or procedure on record, 1 indicates maternal diagnosis or procedure on record, 2 indicates neonatal diagnosis on record, and 3 indicates neonatal diagnosis and maternal diagnoses or procedures on the same record. Discharges indicating appendectomy or cholecystectomy were identified with ICD-9-CM procedure codes (eTable 1intheSupplement) and divided into laparoscopic and open techniques. Procedures that used both laparoscopic and open techniques were defined as open. Patients were excluded if the pregnancy was ectopic, molar, or a voluntary termination (eTable 2 in the Supplement); the NEOMAT code was 2 or 3, which may indicate that the surgery was performed on the newborn; and the admission type was elective or missing.
The primary outcome was a composite measure consisting of 7 selected adverse obstetrical outcomes occurring before hospital discharge (eTable 3 in the Supplement). Components of the primary outcome were selected with the intent to include all possible complications throughout pregnancy that might plausibly be associated with the nonobstetrical surgical procedure or the underlying condition that prompted the surgery. The composite outcome included the following ICD-9-CM non-mutually exclusive diagnoses: miscarriage (fetal death prior to 22 weeks), placental abruption, premature rupture of membranes, preterm labor not associated with preterm delivery, preterm delivery (delivery prior to 37 weeks), infection of the amniotic cavity, and intrauterine fetal death. Because NIS data do not allow tracking of patients over time, adverse obstetrical outcomes occurring during a readmission could not be analyzed in this study.
Characteristics were recorded directly from the NIS data or identified with ICD-9-CM codes (eTable 4 in the Supplement). The following maternal characteristics were recorded: age, race/ethnicity, obesity, insurance status (categorized as Medicaid or non-Medicaid), annual household income, tobacco use, alcohol abuse, and illicit drug abuse. Obstetrical characteristics included multiple gestations, cervical incompetence, preterm labor during a previous pregnancy, preterm labor during the current pregnancy, vaginitis or vulvovaginitis, and urinary tract infection. The following
Key Points
Question What are the risk factors for adverse obstetrical outcomes after appendectomy and cholecystectomy during pregnancy?
Findings In this cohort study of 19 926 women undergoing these procedures in the United States, the risk factors most associated with an adverse obstetrical outcome were cervical incompetence, preterm labor during the current pregnancy, vaginitis or vulvovaginitis, and sepsis.
Meaning Obstetrical risk factors, instead of risk factors associated with maternal characteristics, disease severity, or surgical technique, are most associated with negative pregnancy outcomes after appendectomy and cholecystectomy.
surgical characteristics and disease-associated variables were recorded: type of surgery (appendectomy, cholecystectomy, or combined), technique used (laparoscopic or open), presence of peritonitis, and presence of sepsis.
Statistical analyses were performed from January 1, 2015, to July 31, 2016, with R, version 3.0.2 (R Foundation for Statistical Computing). Results are expressed as number and percentage or median and interquartile range. The sample study was randomly split into 1 training set (60% of the discharges) and 1 validation set (40% of the discharges). The training set was used to identify risk factors for the composite outcome and develop the prediction model for adverse obstetrical outcomes. The validation set was used to assess the performance of the prediction model (internal validation). Comparisons of discharges with and without the outcome used the unpaired Wilcoxon rank-sum test for continuous variables and the Fisher exact test for discrete variables. Unadjusted odds ratios (ORs) were obtained using univariable logistic regression. All variables in the univariable analysis with P < .20 and the year of surgery were entered in a logistic regression with backward selection. Missing values were estimated with multivariable imputation technique. Discrimination of the model was assessed with the concordance index (c-index) and calibration with a calibration plot. The model developed in the training set was applied to the validation set without reestimating the coefficients, and discrimination was assessed with the c-index and calibration with a calibration plot.
A scoring system of the occurrence of the composite outcome was developed from the prediction model obtained in the training set. The score was the sum of the points corresponding to each variable. The number of points for each variable identified in the model was attributed after identification of a common denominator across regression coefficients. Based on the score, 3 risk groups were created, with a low, intermediate, or high risk of the outcome corresponding to a risk of adverse outcome less than 5%, between 5% and 10%, and greater than 10%, respectively. Discrimination of the 3 risk groups was assessed with the c-index and calibration with a calibration plot.
Results
The selection of the study sample is presented in Figure 1 .From January 1, 2003, to December 31, 2012, a total of 19 926 pregnant women underwent appendectomy or cholecystectomy and were included in the analysis.
A total of 1018 adverse events were recorded in 953 discharges (4.8%; 95% CI, 4.5%-5.1%) ( Table 1 ). In the training set, the c-index was 0.73 (95% CI, 0.71-0.75); in the validation set, it was 0.70 (95% CI, 0.67-0.73). Calibration was good in the training and validation sets, as illustrated by the calibration curves (eFigure 1 in the Supplement).
Scoring based on individual risk factors in the training set is presented in Table 3 ; 16 points were attributed to cervical incompetence, 15 to preterm labor during current pregnancy, 8 to vaginitis or vulvovaginitis, 6 to multiple gestations, 6 to sepsis, 5 to open surgery, 5 to peritonitis, 3 to drug abuse or dependence, 2 to nonwhite race/ethnicity, and 1 to Medicaid coverage. The median score in the training set was 2 (range, 0-24) and the median score in the validation set was 2 (range, 0-30) (eFigure 2 in the Supplement).
Based on the sum of points, women in the training set were categorized into 1 of 3 groups: a low-risk group ( 1%) . The c-index of the score divided into 3 risk groups was 0.68 (95% CI, 0.65-0.70), and the good calibration of the score was attested by the fact that predicted probability in each group was within the 95% CI of observed probability of adverse obstetrical outcomes ( Figure 2 ).
Research Original Investigation
Outcomes After Appendectomy or Cholecystectomy During Pregnancy calibration plot is shown in Figure 2. In the validation set
Discussion
This study evaluated a representative national sample of 19 926 pregnant women undergoing appendectomy or cholecystectomy during pregnancy between 2003 and 2012. Ten risk factors for adverse obstetrical outcomes were identified, including maternal characteristics (nonwhite race/ethnicity, drug abuse or dependence, and Medicaid coverage), obstetrical factors (preterm labor during the current pregnancy, incompetent cervix, vaginitis or vulvovaginitis, and multiple gestation), surgical technique (open surgery), and disease severity (sepsis and peritonitis). Using these findings, we developed a risk stratification scoring system, validated in a subset of the cohort, which can be used perioperatively to inform both health care practitioners and pregnant women about each woman's risk for adverse obstetric outcomes after surgery. For each woman, the score is calculated by summing the points for each risk factor (Table 3 ) and then categorized into low (≤4 points), intermediate (5-8 points) In reference to the remaining risk factors not previously discussed, it is not surprising that drug abuse or dependence and nonwhite race/ethnicity were associated with an increased incidence of adverse outcomes, because these factors are also associated with poor obstetrical outcomes in pregnant women not undergoing surgery. [17] [18] [19] [20] Although it has been previously reported that appendectomy during pregnancy confers an increased risk of adverse this outcome was not evident in our study. We found that when disease severity (sepsis or peritonitis) and surgical approach (laparoscopic) for nonelective procedures are controlled for, then the actual procedure (appendectomy vs cholecystectomy) is not an independent risk factor for adverse outcomes.
Although most of the identified risk factors are nonmodifiable, several factors, such as surgical approach, the presence of vaginitis or vulvovaginitis, and cervical insufficiency, may possibly be modified. Based on these findings, we suggest that a laparoscopic approach to appendectomy or cholecystectomy during pregnancy be offered whenever feasible. Although treatment of vaginal infections around the time of surgery may additionally be considered, research is required to demonstrate if this intervention reduces the risk for adverse obstetrical outcomes. No specific recommendations can be provided based on these data regarding cervical cerclage placement or progesterone therapy in pregnant women with cervical insufficiency around the time of appendectomy or cholecystectomy.
Strengths and Limitations
To our knowledge, this is the largest population-based cohort of women undergoing appendectomies and cholecystectomies during pregnancy. Such data sets can be particularly useful in the identification and evaluation of relatively rare adverse events. Although the limitations of administrative databases, especially the accuracy of secondary diagnoses (which are used in this study), are reported, the NIS has a revised system, which is thought to improve random sampling, coding accuracy, and precision when compared with similar administrative databases. [21] [22] [23] In addition, the use of ICD-9-CM codes was shown to accurately reflect various surgical procedures performed, including appendectomy and cholecystectomy.
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There are several additional limitations associated with this study. First, anesthetic modalities are not available in the NIS data; therefore, the effect on obstetric outcomes of general vs neuraxial anesthesia and other anesthesia-associated factors cannot be evaluated. Second, our model broadly incorporates the timing of surgery during pregnancy through use of ICD-9-CM codes, because the NIS does not specifically record gestational age. Including a specific parameter for gestational age in our scoring system would result in a more maternal-specific model. Third, outcomes were assessed at the time of hospitalization for surgery, which may have underestimated the overall number of adverse events, since additional complications and adverse outcomes may have occurred after discharge. Fourth, we evaluated the risks associated with appendectomies and cholecystectomies because these are the 2 most common nonobstetric surgical procedures performed during pregnancy; however, since we did not evaluate obstetric outcomes after other surgical procedures, our findings and scoring system may not be generalizable to other procedures, such as cardiac, neurosurgical, or orthopedic procedures. Fifth, while the ORs measure the strength of associations between the risk factors and adverse obstetrical outcomes, prospective randomized clinical trials are The bold number indicates the number of adverse obstetrical outcomes and the italic number the number of women in each risk group. The predicted probability of adverse outcomes in each risk group is within the 95% CI of observed probability, indicating good calibration.
necessary to prove causation. Sixth, patients with the admission status "elective admission" were deliberately excluded to create a more homogeneous study sample, which should have enhanced the internal accuracy of the study findings at the expense of reduced generalizability. Finally, the c-index of 0.70 for the prediction model and the risk stratification system indicates moderate discrimination. However, in the absence of other available risk assessment for adverse obstetrical outcomes, even a moderately performing system can be clinically useful. In addition, this 0.70 value is in the high range of other prediction models based on administrative data. For instance, the c-index of the comorbidity index recently developed by Bateman et al 25 for use in obstetric patients was 0.67.
Conclusions
Undergoing appendectomy or cholecystectomy during pregnancy confers a significant obstetric risk. Based on newly identified risk factors for adverse obstetric outcomes after nonobstetrical surgery during pregnancy, a scoring method has been developed and validated to assist in risk stratification and potentially counseling of pregnant women undergoing these procedures. Future research should focus on validation of the causation of these risk factors and identifying interventions to decrease obstetrical risk in women at a high risk of negative outcomes after nonobstetric surgery during pregnancy. The predicted probability of adverse obstetrical outcomes is calculated with the final logistic model developed in the training set and is categorized according to deciles. The plot displays the observed probability with its 95% confidence interval and the expected probability of adverse obstetrical outcomes according to deciles of predicted probability. The calibration is considered good if, for each decile, the predicted probability is included in the 95% confidence interval of the observed probability. The bold number indicates the number of events and the italic number the number of women in each decile. Observed probability with its 95%CI Predicted probability
